Body temperature often changes during surgery, as anaesthesia impairs the normal mechanisms for thermoregulation. The air conditioning which is comfortable for the operating team favours heat loss from their patient. \\"hen comhined with the administration of cold fluids, prolonged surgery was associated not infrequently with oesophageal temperatures helow 32') C (~ewman 1971). In the; laboratory it is possible to prevent heat exchange with the em"ironment, and body temperatures rise as the result of metabolic heat production (13rebner et al. \!J62). Similarlv, anaesthesia in a warm humid atmosphere can be associated with hyperthermia (Searles and Lenahan JH5~, . However, these conditions are seldom found in modern operating rooms, and most patients haye a lowered body temperature at the completion of surgery.
Attempts to restrict heat losses include the heating of infus('d fluids (Boyan and Howland Hl61) , humidification of the inspired gases (Rashad and Benson HW7) , and insulation of bod\' surfaces to which access is not needed (Farman ] reduce the tendency toward hypothermia, and allow maintenance of heat balance in the air conditioned operating room, particularly if these techniques were used in combination.
METHOD
Sixty adult patients were studied during anaesthesia for electiye intra-abdominal or thoraco-abdominal surgery lasting for two to eigllt hours. Anaesthesia was induced with thiopentone, and muscle relaxation was obtained with d-tubocurarine or paneuronium. Following endotracheal intubation the patients were \"entilated with a mixture of nitrous oxide, oxygen and halothane. The 60 patients were di\"ided into three groups of ~O (Table 1) . Group 1 were yentilatcd at 10 to 11 litres per minute from a dry nonrebreathing system. The second and third Groups were ventilated from a circle absorber Anaesthesia and Intensive Care, rol. TII, :-'-0. :2, l11ay, 1.973 circuit which included a heated water-bath humidifier, adjusted to deliver gases saturated with water vapour at body temperature. Group 3 had their body surface additionally insulated with multiple layers of unheated towelling. For all three Groups the bulk of infused fluids were warmed by means of an extension coil placed in a water-bath at 38° C.
TABLE

Differentiation Retween the Three Groups
Temperatures were measured with thermocouples (Elektrolaboratoriet, Copenhagen). Deep body temperatures were measured at not less than two sites: lower oesophagus, rectum, auditory canal and nasopharynx.
Skin temperatures were measured on the upper arm laterally, the chest near the nipple, and thigh anteriorly and the calf laterally. From these the mean skin temperatures were derived by the method of Ramanathan (1964) . Temperatures were also taken in the room air and the endotracheal tube adapter. Measurements were made before and after induction of anaesthesia, and at ten minute intervals thereafter.
Stored body heat was calculated from the product of the mean body temperature, the preoperative body weight and the specific heat (taken as 0 ·83) (Burton 1935) . The mean body temperature was derived from the sum of the deep body and mean skin temperatures, with loading factors of 0 ·66 and 0 ·34 respectively (Colin et al. 1971) . The Ramanathan formula for the estimation of mean skin temperature was chosen for its good results in a comparative study (Mitchell and Wyndham ]969) . Changes in stored body heat were calculated for each hour of anaesthesia, and for the average hourly change throughout. As no patient was anaesthetized for less than two hours, the hourly change for this period was also calculated to minimize variations due to the duration of surgery. The difference between the means was examined by an unpaired Students t test.
RESULTS
The three Groups were comparable for age, weight and duration of operation (Table 2) . Room temperatures were 20'0° to 24'2° CO (mean 21'7° C). The hourly means and standard deviations of their deep body and mean skin temperatures are shown in Figure l. Thirty minutes after induction there were no significant differences between the three Groups. At sixty minutes the differences between all the Group means for skin temperature had become significant at the 2 per cent level by Student's t test. Subsequent to the first hour of anaesthesia, deep body temperatures tended to parallel those of the skin. The mean of the final deep body temperature for Group 1 was statistically significant in its difference from the means for Groups 2 and 3. .. 51·7 (16·8) 50·2 (19·2) 48·3 (23'1)
Weight in Kg, mean (and S.D.) .. 63· 9 (11· 7) 60·1 (8· 7) 56·7 (12'7)
Duration of operation in hours, mean (and S.D.) .. 2·9 (0·8) 3·3 (1,1) 3·7 (1·5)
The induction and last intra operative readings were compared, and the average hourly changes in deep body temperature were calculated. Group 1 showed an average hourly fall in core temperature of 0 ·31 ° C (SD 0 '15), Group 2 lost 0·05° C (0'23), whereas in Group 3 there was an average hourly gain of o·n ° C (0 '15). These confidence level. Four patients in Group 3 showed core temperature increases which reached 38° C during the third hour of anaesthesia, when the study was abandoned. They responded rapidly to removal of the humidifier and accessible insulation.
No patient m Group 3 shivered post operatively. Table 3 shows the hourly changes in stored body heat. The humidified patients in Group 2 were used as controls, and again the differences t P is less than 0·05.
:\: P is less than O· 01.
between the means was examined. After the first hour of anaesthesia had elapsed, the Group 2 means were statistically significant from those of both Groups 1 and 3. The Group 2 patients tended to return to their induction value for stored body heat, although with some redistribution peripherally. In Group 1 all 20 patients lost heat, for an average hourly loss of more than 12 kcals. In Group 3 all 20 patients gained heat, at an average of 13 kcals per hour. Patients who became hypotensive wele eliminated from the study. The effects of acute hypotension are shown in Figure 2 . No additional insulation was used with this patient, and core temperatures fell, to stay lowered almost until the operation was completed. This 37
is in contrast to a patient who would have been in Group 3. His core and mean skin temperatures continued to gain, as if the hypotensive episode had not occurred.
DISCUSSION
During surgical anaesthesia the patient loses his ability to maintain a normal temperature and tends to follow the temperature of the environment. Evidence of this loss of control is the uniform rise in skin temperature, which is caused partly by loss of his vasoconstricting mechanism (Searles and Lenahan ] 952). Figure 2 illustrates this lack of response to hypotension, and to the secondary fall in deep body temperature. Searles and Lenahan (1952) further noted that loss of heat was less when anaesthesia included the to and fro absorption technique, and that there was a fall in temperature when intravenous fluids were infused. Roe and his colleagues (1966) and Morris (J 971) discuss the factors which contribute to the large heat loss before surgery has begun, as the greatest fall in body temperature occurs during the first hour of anaesthesia. After this time the processes of heat production and heat elimination should not vary greatly, and any changes in intraoperative temperature will tend to be linear (Figure 1) unless the balance is upset (Figure 2 ). The mean fall in core temperature for the patient in Group 1 was 0 .31 0 C per hour, and similar falls have been reported (Roe et al. 1966 , Lunn 1969 . This Group lost an average of 12·6 kcals per hour, and larger heat losses have been observed in cooler rooms (Dyde and Lunn 1970) . Had the fluids administered intravenously been colder, greater deficits would have been produced. The patients were ventilated with dry gases at room temperature, and airway measurements would suggest that this should be associated with a negative respiratory exchange in excess of 10 kcals per hour (Clark et al. 1954 , Shanks 1974 .
For Group 2, a second cause for heat dissipation was restricted. Anaesthesia with gases which are saturated at body temperature brings the respiratory heat exchange to zero (Shanks 1973) . This effect is compatible with the difference between the hourly means shown in Table 3 , and agrees with heat balance studies made in dogs ventilated with dry and hot wet gases (Shanks 1974) . From data obtained when gases were delivered saturated at room temperature, it can be calculated that approximately half a kilocalorie is lost hourly for every litre of the ventilated minute volume. At the end of the operation about half the patients in Group 2 had a net heat loss, but this was never large. Figure 1 shows that most Group 2 patients were able to maintain heat balance under these environmental conditions.
When heat loss was examined during thoracotomy (Dyde and Lunn 1970) , patients insulated from the waist down were in better heat balance than a control group, by some 12 kcals per hour. However, their insulated group still lost heat, and it would appear that this was related to the use of dry anaesthetic gases and unheated fluids. When these sources of heat loss were limited, as in Group 3, all patients showed a gain in stored body heat. The average hourly gain of 13·6 kcals would appear large enough to exceed the unavoidable losses related to the conduct of anaesthesia and surgery in most operating rooms, even those with low temperatures and humidities. This triple limitation of heat losses would seem preferable to those techniques which risk tissue damage by the supply of additional heat from without.
A combination of methods which restrict heat losses should prevent the development of inadvertent hypothermia during prolonged anaesthesia, and thus avoid its potential postoperative sequelae. The most important of these is hypoxaemia (Roe et al. 1966 , Bay et al. 1968 ), although aspects of cardiovascular function and assessment may also be affected (Lunn 1969) .
